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METHOD FOR CONTROLLING FLOW RATE OF OXIDIZER 
IN FUEL CELL SYSTEM 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to a method for controlling the flow rate of an 
oxidizer in a fuel cell system. 

Priority is claimed on Japanese Patent Application No. 2002-344034, filed 
November 27, 2002, the content of which is incorporated herein by reference. 

10 

Description of Related Art 

Among fuel cells mounted in fuel cell powered vehicles or the like, a type of 

fuel cell is known in which a solid polymer electrolyte membrane and anode and cathode 

electrodes that together sandwich the solid polymer electrolj^e membrane are provided, 
15 and a fuel gas (e.g., hydrogen gas) is supplied to the anode electrode, and an oxidizing 

gas (e.g., oxygen or air) is supplied to the cathode electrode so that electrical energy is 

generated through an oxidation-reduction reaction of the fuel gas and the oxidizing gas. 
A fuel cell system incorporating the above tj^e of fuel cell is disclosed in 

Japanese Unexamined Patent Application, First Publication No. Hei 07-249421, in which 
20 the pressure difference between the anode area and the cathode area of the fuel cell is 

made controllable depending on the flow rate of the gas supplied to the cathode electrode 

and the output electrical power. 

In such a fiiel cell system, when air must be supplied under conditions of high 

flow rate and low pressure, or imder conditions of small flow rate and high pressure, 
2S during a transitional state in which operation conditions of the fuel cell system vary, an 
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excessive load is applied on the air compressor of the fuel cell system, and the electrolyte 
membrane is placed under severe conditions because the pressure difference cannot be 
controlled, which are not preferred in terms of maintaining reliability of the fuel cell. 

5 SUMMARY OF THE INVENTION 

In view of the above circumstances, an object of the present invention is to 
provide a method for controlling the flow rate of an oxidizer in a fuel cell system by 
which reliability of the fuel cell can be maintained even when the fuel cell system is 
placed in a transitional state in which operation conditions of the fuel cell system vary. 

10 In order to achieve the above object, the present invention provides a method for 

controlling the flow rate of an oxidizer in a fuel cell system having a fuel cell stack 
perfomiing power generation by being supplied with fuel and the oxidizer, a compressor 
for supplying the oxidizer to the fuel cell stack, a back pressure valve for controlling 
pressure of the oxidizer which is disposed in a flow passage of the oxidizer and 

15 downstream of the fuel cell stack, and a control device for controlling the fuel cell stack, 
the compressor, and the back pressure valve, the method including the steps of: 
calculating an oxidizer pressure command and an oxidizer flow rate command based on a 
given electrical current command using the control device; comparing a first flow rate 
that is defined as an upper limit of oxidizer flow rate corresponding to the oxidizer 

20 pressure conmiand and a second flow rate that is defined as a lower limit of oxidizer flow 
rate corresponding to the oxidizer pressure command with the oxidizer flow rate 
command; and regulating the oxidizer flow rate command so as to be limited within a 
range from the second flow rate to the first flow rate. 

According to the above method for controlling the flow rate of an oxidizer in a 

25 fiiel cell system, the flow rate of the oxidizer is limited within the range from the first 
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flow rate to the second flow rate, i.e., within a range which is easily achievable by the 
compressor of the fuel cell system even when the operation state of the fuel cell system 
changes and pressure and flow rate requirements of the oxidizer to be supplied to the fuel 
cell stack are changed; therefore, the compressor operates under mild conditions and the 
5 function thereof is maintained. Moreover, because the pressure difference between the 
anode area and the cathode area of the fuel cell unit can be controlled so as to be limited 
within an appropriate range, the electrolyte membrane of the fuel cell unit can be 
preferably protected, and reliability of the fuel cell stack can be improved. 

In the above step of controlling the oxidizer flow rate command, the oxidizer 
10 flow rate command may be corrected to the first flow rate when the oxidizer flow rate 
command is greater than the first flow rate, and the oxidizer flow rate command may be 
corrected to the second flow rate when the oxidizer flow rate command is less than the . 
second flow rate. 



1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIQ 1 is a schematic diagram showing the constitution of an embodiment of a 

fuel cell system according to the present invention. 

FIG 2 is a flowchart showing an air flow rate control operation for the fuel 

system shown in FIG 1 . 

20 FIG 3 is a graph showing the relationship between air pressure and air flow rate. 

FIG 4 is a graph drawn based on Table 1 defining the relationship between 
upper limit of air flow rate and an air pressure command, which is referenced in the 
flowchart of FIG 2. 

FIG 5 is a graph drawn based on Table 2 defining the relationship between 
25 lower limit of air flow rate and an air pressure command, which is referenced in the 
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flowchart of FIG 2. 

DETAILED DESCRIPTION OF THE INVENTION 
An embodiment of a fuel cell system of according to the present invention will 
5 be explained below with reference to FIG 1 . 

FIG 1 is a schematic diagram showing the constitution of the embodiment of the 
fuel cell system according to the present invention. 

A fuel cell stack 1 includes a stacked body formed by stacking fuel cell units 
each of which includes a solid polymer electrolyte membrane, such as a solid polymer 
10 ion-exchange membrane, and an anode electrode and a cathode electrode that together 
sandwich the solid polymer electrol)^e membrane. 

A high pressure hydrogen supply system 2 is connected to the fuel cell stack 1 
via a hydrogen gas supply flow passage 12. The high pressure hydrogen supply system 
2 includes a hydrogen supply source, such as a hydrogen tank, from which a hydrogen 
15 gas is supplied to the anode electrode of the fuel cell stack 1 via the hydrogen gas supply 
flow passage 12. 

An air compressor 3 is connected to the fuel cell stack 1 via an air supply flow 
passage 13. The air compressor 3 supplies air (i.e., an oxidizing gas) to the cathode 
electrode of the fuel cell stack 1 via the air supply flow passage 13. 
20 In the fuel cell stack 1, when a hydrogen gas as fuel is supplied to the anode area 

and air (air containing oxygen) as an oxidizer is supplied to the cathode area, hydrogen 
ions are produced in the anode area by a catalytic reaction, and the hydrogen ions move 
to the cathode area where an electrochemical reaction with oxygen occurs, producing 
water. 

25 The air, which has been used for power generation, is discharged as an air 
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ofF-gas from the cathode area of the fuel cell stack 1 into an air discharge flow passage 
16 which is disposed downstream the fuel cell stack 1. The air discharge flow passage 
16 is provided with a back pressure valve 1 1 which controls air pressure in the fuel cell 
stack 1. 

5 A hydrogen gas, which was supplied to the fuel cell stack 1 for power generation, 

but did not react therein, is discharged as a hydrogen ofF-gas from the anode area of the 
fuel cell stack 1 into a hydrogen off-gas circulation passage (not shown), and is again 
supplied to the anode area of the fuel cell stack 1. 

A cooling system 4 is connected to the fuel cell stack 1 via a cooling water flow 
10 passage 15. The cooling system 4 includes a pump (not shown) for circulating cooling 
water as a cooling medium, and supplies cooling water to the areas between the fuel cell 
units of the fuel cell stack 1 via the cooling water flow passage 15. By circulating 
cooling water through the fuel cell stack 1 as described above, an increase in the. 
temperature of the fuel cell stack 1 due to heat during power generation is restrained, and 
15 the fuel cell stack 1 can be operated xmder conditions with appropriate temperature. 

The hydrogen gas supply flow' passage 12 is provided with a shutofiT valve 10 
and a pressure control valve 5. The flow rate of the hydrogen gas is regulated by 
controlling the shutoflF valve 10. The pressure control valve 5, which is connected to a 
signal pressure flow passage 14 branching off the air supply flow passage 13, controls the 
20 pressure of the hydrogen gas being supplied to the anode area so that the pressure 

difference between the hydrogen gas and the air being supplied to the cathode area is 
limited within an appropriate range. 

The air supply flow passage 13 is provided with a flow rate sensor 8 for 
measuring the flow rate of the air and a pressure sensor 9 for measuring the pressure of 
25 the air. 
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A load 6 is connected to the fuel cell stack 1 via electrical lines 17, so that 
electrical power generated in the fuel cell stack 1 is isupplied to the load 6. 

The fuel cell system according to the present embodiment includes a control 
device (an ECU (Electric Control Unit)) 7. The ECU 7 controls the air compressor 3, 
5 the cooling system 4, the load 6, the shutoflF valve 10, and the back pressure valve 11, 

depending on measured values of the sensors 8 and 9 (i.e., flow rate QA and pressure PA), 
a state of load 6, an opening degree AP of the accelerator, etc. 

Next, the air flow rate control operation for the fuel system configured as 
described above will be explained below with reference to FIQ 2. 
10 FIG 2 is a flowchart showing the control operation for the fuel system shown in 

FIG 1 . In step SI 2, an air pressure command and an air flow rate command for the air 
supplied to the fuel cell stack 1 are calculated based on an electrical current command 
which is determined depending on the opening degree AP of the accelerator and the state 
of the load 6. The electrical current command is determined in accordance with 
15 electrical power which is presently required in the vehicle. In step SI 4, an upper limit 
of air flow rate corresponding to the air pressure command is retrieved from Table 1 (see 
FIG 4). 

In step SI 6, it is determined whether the air flow rate conmiand is greater than 
the upper limit of air flow rate. When the result of the determination is "YES", the 

20 operation proceeds to step SI 8, in which the air flow rate command is corrected to the 
upper limit of air flow rate, and the series of the operations is terminated. More 
specifically, as shown in FIG 4, when the flow rate command QREQl is greater than the 
upper limit of air flow rate QH corresponding to the air pressure command, the flow rate 
command QREQl is corrected to the upper limit of air flow rate QH. 

25 FIG 3 is a graph showing the relationship between air pressure and air flow rate. 



In FIG 3, a zone A is a zone in which the combinations of air pressure and air flow rate 
are practically achievable by the air compressor 3, a zone B is a high flow rate and low 
pressure zone, and a zone C is a small flow rate and high pressure zone. 

The above case in which the flow rate command is greater than the upper limit 
of air flow rate corresponds to the high flow rate and low pressure zone B. If the air 
compressor 3 is used to achieve the combinations in the zone B, an excessive load would 
be applied thereto because the pressiure in the fuel cell system is increased due to pressure 
loss in the system even when the back pressure valve 1 1 is completely open. In this 
embodiment, the air compressor 3 is prevented firom having an excessive load by 
correcting the flow rate command to the upper limit of air flow rate as explained above. 

When the result of the determination in step S16 is "NO", the operation 
proceeds to step S20, in which a lower limit of air flow rate corresponding to the air 
pressure command is retrieved from Table 2 (see FIG 5). In step S22, it is determined 
whether the air flow rate command is less than the lower limit of air flow rate. When 
the result of the determination is "YES", the operation proceeds to step S24. In contrast, 
when the result of the determination is "NO", the series of the operations is terminated. 
More specifically, as shown in FIG 5, when the flow rate command QREQ2 is less than 
the lower limit of air flow rate QL corresponding to the air pressure command, the flow 
rate command QREQ2 is corrected to the lower limit of air flow rate QL. 

The above case in which the flow rate command is less than the lower limit of 
air flow rate corresponds to the small flow rate and high pressure zone C. If the air 
compressor 3 is used to achieve the combinations in the zone C, an excessive load would 
be applied thereto because the pressure in the fuel cell system is decreased due to leakage 
from the back pressure valve 1 1 even when the back pressure valve 1 1 is completely 
closed. In this embodiment, the air compressor 3 is prevented from having an excessive 
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load by correcting the flow rate command to the lower limit of air flow rate as explained 
above. Moreover, because the pressure difference between the anode area and the 
cathode area of the fuel cell unit can be controlled so as to be limited within an 
appropriate range, the electrolyte membrane of each of the fuel cell units can be 
preferably protected. 

While preferred embodiments of the invention have been described and 
illustrated above, it should be imderstood that these are exemplary of the invention and 
are not to be considered as limiting. For example, the fuel cell system of the present 
embodiment may be used for a fuel cell powered motorcycle or a fuel cell powered robot, 
in addition to the fuel cell powered vehicle. Moreover, the fuel cell system of the 
present embodiment may be of a stationary type, or be of a portable type. 

Additions, omissions, substitutions, and other modifications can be made 
without departing from the spirit or scope of the present invention. Accordingly, the 
invention is not to be considered as being limited by the foregoing description, and is 
only limited by the scope of the appended claims. 
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